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Purpose: This study conducted a pharmacovigilance analysis based on the FDA Adverse Event Reporting System (FAERS) database
to compare the infection risk of inhaled or nasal Beclomethasone, Fluticasone, Budesonide, Ciclesonide, Mometasone, and
Triamcinolone Acetonide.

Methods: We used proportional imbalance analysis to evaluate the correlation between ICS /INCs and infection events. The data was
extracted from the FAERS database from April 2015 to September 2023. Further analysis was conducted on the clinical characteristics,
site of infection, and pathogenic bacteria of ICS and INCs infection adverse events (AEs). We used bubble charts to display their top 5
infection adverse events.

Results: We analyzed 21,837 reports of infection AEs related to ICS and INCs, with an average age of 62.12 years. Among them,
61.14% of infection reports were related to females. One-third of infections reported to occur in the lower respiratory tract with
Fluticasone, Budesonide, Ciclesonidec, and Mometasone; over 40% of infections reported by Triamcinolone Acetonide were eye
infections; the rate of oral infections caused by Beclomethasone were 7.39%. The reported rates of fungal and viral infections caused
by beclomethasone were 21.15% and 19.2%, respectively. The mycobacterial infections caused by Budesonide and Ciclesonidec
account for 3.29% and 2.03%, respectively. Bubble plots showed that the ICS group had more fungal infections, oral infections,
pneumonia, tracheitis, etc. The INCs group had more eye symptoms, rhinitis, sinusitis, nasopharyngitis, etc.

Conclusion: Women who use ICS and INCs are more prone to infection events. Compared to Budesonide, Fluticasone seemed to
have a higher risk of pneumonia and oral candidiasis. Mometasone might lead to more upper respiratory tract infections. The risk of
oral infection was higher with Beclomethasone. Beclomethasone causes more fungal and viral infections, while Ciclesonide and
Budesonide are more susceptible to mycobacterial infections.

Keywords: data mining, FAERS, ICS, INCs, pharmacovigilance, infections

Introduction

Inhaled corticosteroids (ICS) can reduce airway inflammation and are commonly used medicine for chronic airway
diseases such as chronic obstructive pulmonary disease (COPD) and asthma.'*? Intranasal corticosteroids (INCs) are the
first-line treatment for allergic rhinitis (AR).? ICS and INCs usually require long-term use, and some patients may even
require lifelong medication. However, the long-term use of corticosteroids may bring about the risk of adverse drug
events. Among them, respiratory tract infections, infections caused by fungus, mycobacteria, and other pathogens have
attracted high attention and concern from clinical and public.*> Currently, commonly used ICS or INCs include
Budesonide, Triamcinolone Acetonide, Beclomethasone Propionate, Mometasone Furoate, Fluticasone Propionate or
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Furoate, and Ciclesonide. However, there was no conclusive evidence to compare the risk of infection among various
ICS and INCs at different levels of pathogens, infection sites, and dosage forms.

Food and Drug Administration Adverse Event Reporting System (FAERS) database is a public, accessible, and
free database in the United States, containing tens of thousands of voluntary adverse event reports submitted by
health professionals, consumers, manufacturers, and others, aimed at supporting the Food and Drug Administration
(FDA)’s safety monitoring of post-market drugs and biological products.®” The signal mining of FEARS data is
a recognized and widely used research method for pharmacovigilance analysis.® To further explore the incidence of
infection among ICS and INCs users in the real world, we mined adverse event (AE) risk signals from the FAERS
database.

Materials and Methods

Data Sources

This study analyzes the adverse reactions and medication errors reported voluntarily in the FDA Advance Event
Reporting System (FAERS) database. The FAERS database is updated quarterly and includes 7 data files: patient
demographic and administrative information (DEMO), drug information (DRUG), coded for the adverse events
(REAC), patient outcomes (OUTC), report sources (RPSR), therapy start dates and end dates for reported drugs
(THER), and indications for drug administration (INDI), and deleted cases. The classification and standardization
of Adverse events (AEs) in the FAERS data are based on the Medical Dictionary for Regulatory Activities 26.1
(MedDRA).” Each report is coded using preferred terms (PTs), which can be assigned to one or more High-level
Terms (HLT), High-level Group Terms (HLGT), and System Organ Class levels (SOC) within MedDRA.

Data Processing and AE Signal Detection

In our study, the reports submitted from Apr. 2015 to Sep. 2023 in the FAERS database were extracted, with the drug
records of “Beclomethasone”, “Fluticasone”, “Budesonide”, “Mometasone”, “Ciclesonide”, “Triamcinolone” and their
compound drugs. Two researchers processed the data, including deduplication, categorizing related AEs by standardized
MedDRA query and PT, and extracting Clinical characteristic information (gender, age, reporting area, reporter,
administration pathway, dosage form, etc.) from the reports.

Statistical Analysis

Disproportionality analysis is widely used in pharmacovigilance studies to identify potential signals, conducted by
computing the number of reports(N), the proportional reporting ratio (PRR), the reporting odds ratio (ROR), and y* (chi-
square). The larger the N, PRR, ROR, or y?, the stronger the correlation signal. According to the criteria established by
Evans et al, a positive signal of disproportionality was defined as a PRR >2, a x*>4, a 95% confidence interval of the
reporting odds ratio (ROR) >1, and at least 3 cases.'® This study sorted the mined AE signals according to N, ROR, and
%, and displayed the results as a bubble chart. The abscissa was log,ROR, and the ordinate was the square root of the y*
value. All points in the figure represented the adverse reaction signals mined, and the size of the points represented the
number of reported cases of the adverse reaction.

Results

Descriptive Analysis

After deduplication and dosage form screening, 151,515 total cases (487,724 reports) and 21,837 infections (25,918
reports) associated with inhaled corticosteroids and intranasal corticosteroids were obtained. The characteristics of these
21,837 cases are summarized in Table 1. The chart showed little difference in patient characteristics between each
corticosteroid. Most cases came from North America (81.12%), mainly reported by Consumers (69.06%). Females
(61.14%) were more numerous than males (29.32%), but 9.54% of gender data was missing. In addition, except for
41.47% of age data not available, the average age was 62.12 years old.
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Table | Clinical Characteristics of Reports with Inhaled Corticosteroids and Intranasal Corticosteroids-Associated Infections from
the FAERS Database (Apr. 2015 to Sep. 2023)

Characteristics Total Beclomethasone Fluticasone Bud id Cicl ide Mometasone Triamcinolone
(N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %)
Number of infected 21,837 395 11,355 8381 503 821 382
patients
Sex of patient
Female 13,413 (61.14%) 281 (71.14%) 6825 (60.11%) 5274 (62.93%) 309 (61.43%) 524 (63.82%) 200 (44.46%)
Male 6402 (29.32%) 105 (26.58%) 3140 (27.65%) 2606 (31.09%) 190 (37.77%) 255 (31.06%) 106 (28.37%)
Unknown 2022 (9.54%) 9 (2.28%) 1390 (12.24%) 501 (5.98%) 4 (0.8%) 42 (5.12%) 76 (27.16%)
Age group (years)
<18 503 (2.32%) 30 (7.59%) 167 (1.47%) 247 (2.94%) 6 (1.19%) 37 (451%) 16 (4.33%)
19~65 5877 (26.88%) 77 (19.49%) 2181 (19.21%) 2965 (35.38%) 240 (47.71%) 298 (36.3%) 116 (28.03%)
>65 6422 (29.33%) 80 (20.25%) 2961 (26.08%) 2924 (34.89%) 178 (35.39%) 195 (23.75%) 84 (21.45%)
Unknown 9035 (41.47%) 208 (52.66%) 6046 (53.25%) 2245 (26.79%) 79 (15.71%) 291 (35.44%) 166 (46.19%)
Mean age 62.12 5331 64.51 6l.15 59.69 56.75 56.62
Reporting region
Europe 1499 (6.97%) 40 (10.13%) 520 (4.58%) 804 (9.6%) 47 (9.34%) 69 (8.4%) 19 (9.52%)
North America 17,774 (81.12%) 343 (86.83%) 9359 (82.42%) 6639 (79.21%) 418 (83.1%) 671 (81.73%) 344 (76.99%)
Asia 1308 (6.14%) 4 (1.01%) 813 (7.16%) 411 (4.9%) 20 (3.98%) 47 (5.72%) 13 (10.03%)
South America 840 (3.82%) 6 (1.52%) 460 (4.05%) 351 (4.19%) 0 (0%) 21 (2.56%) 2 (0.52%)
Africa 42 (0.21%) 0 (0%) 19 (0.17%) 21 (0.25%) 0 (0%) 1 (0.12%) 1 (0.87%)
Oceania 151 (0.72%) 0 (0%) 113 (1%) 29 (0.35%) 5 (1%) 3 (0.37%) 1 (1.38%)
Unknown 223 (1.02%) 2 (0.51%) 71 (0.62%) 126 (1.5%) 13 (2.58%) 9 (1.1%) 2 (0.69%)
Reporters
Consumer 15,190 (69.06%) 341 (86.33%) 9802 (86.32%) 4208 (50.21%) 250 (49.7%) 373 (45.44%) 216 (42.04%)
Health professional 1115 (5.33%) 6 (1.52%) 183 (1.61%) 692 (8.26%) 101 (20.08%) 83 (10.11%) 50 (18.86%)
Lawyers 8 (0.05%) 0 (0%) 4 (0.04%) 1 (0.01%) 0 (0%) 2 (0.24%) 1 (0.87%)
Physician 3135 (14.63%) 17 (4.3%) 966 (8.51%) 1694 (20.21%) 134 (26.64%) 235 (28.62%) 89 (30.62%)
Pharmacists 308 (1.41%) 13 (3.29%) 150 (1.32%) 84 (1%) 5 (0.99%) 54 (6.58%) 2 (0.69%)
Others 633 (2.93%) 15 (3.8%) 201 (1.77%) 326 (3.89%) 3 (0.6%) 69 (8.4%) 19 (5.36%)
Unknown 1448 (6.59%) 3 (0.76%) 49 (0.43%) 1376 (16.42%) 10 (1.99%) 5(0.61%) 5 (1.56%)

Abbreviation: N, number of reports.

Comparative Analysis

There were 487, 14,642, 8381, 991, 1183, and 48,110 infection reports related to Beclomethasone, Fluticasone,
Budesonide, Mometasone, Ciclesonide, Triamcinolone, respectively. The proportion of infection reports of Ciclesonide
was 7.98%, which was significantly higher than that of Mometasone (2.69%) and Triamcinolone Acetonide (3.89%)
(Table 2). The reports of Budesonide and Fluticasone mainly came from inhalation preparations, and the top five
infection reports of the two drugs were primarily related to airway and fungal infections. The top five infections reported

with nasal Triamcinolone Acetonide were mainly eye and nasal infections.
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Table 2 The Proportion of Infection Reports and the Top 5 Infection Reports

All Reports Infection Reports Constituent Top 5 Infection Reports
(N) (N) Ratio [N, ¥ ROR (95% CI)]
Beclomethasone 9738 487 5.00% Candida infection 48, 44.14, (12.16,21.53)

Sinusitis 39, 33.39, (1.79,3.37)
Bronchitis 34, 44.13, (2.12,4.17)

Oral candidiasis 25, 304.99, (9.62,21.17)
Fungal infection 13, 11.0, (1.42,4.21)

Fluticasone 258,702 14,642 5.66% Pneumonia 3212, 2131.83, (2.18,2.34)
Bronchitis 991,1252.95, (2.79,3.17)

Candida infection 966, 8662.42, (11.07,12.64)
Oral candidiasis 569, 5127.21, (10.87,12.91)
Lung infection 252, 396.11, (2.93,3.76)

Budesonide 150,475 838l 5.57% Pneumonia 1296, 1551.39, (2.76,3.08)
Bronchitis 690, 3198.99, (6.18,7.2)
Nasopharyngitis 573, 328.89, (1.95,2.3)
Sinusitis 441, 580.97, (2.74,3.31)

Candida infection 378, 4380.18, (12.69,15.6)

Ciclesonide 12,424 991 7.98% Pneumonia 144, 758.86, (6.54,9.23)

Sinusitis 80, 820.01, (10.23,16.08)
Nasopharyngitis 62, 205.05, (4.09,6.81)
Lower respiratory tract infection 57, 1009.65,
(15.7,26.7)

Infection 54, 219.11, (4.62,7.96)

Mometasone 44019 1183 2.69% Candida infection 37, 60.41, (2.42,4.62)
Oral candidiasis 30, 84.73, (3.23,6.63)
Rhinitis 20, 54.21, (2.9,6.99)

Laryngitis 16, 18.61, (1.72,4.6)

Chronic sinusitis 13, 63.35, (3.92,11.67)

Triamcinolone 12,366 481 3.89% Nasopharyngitis 37, 4.81, (0.96,0.96)
Sinusitis 27, 0.09, (1.38,1.38)

Septic shock 25, 17.49, (3.35,3.35)

Eye pruritus 23, 22.37, (3.9,3.9)

Ocular hyperaemia 21, 5.65, (1.09,2.57)

Abbreviation: N, number of reports.

Stratified Analysis Based on Different Infection Sites

Beclomethasone, Budesonide, Fluticasone, Ciclesonide, and Mometasone which were mainly inhaled preparations, had
over 50% respiratory infections reports. Lower respiratory tract infections such as pneumonia or bronchitis were
significant adverse events that cannot be ignored. Nearly one-third of all infection reports for Fluticasone, Budesonide,
Ciclesonide, and Mometasone were lower respiratory tract infections. Triamcinolone Acetonide (nasal or dose form
unknown) might be associated with infections in the eyes, pharynx, and nose, with reports of eye infections accounting
for over 40% (Table 3).

Stratified Analysis Based on Different Pathogens

About two-thirds of the infection reports for each drug had not identified the pathogen (Table 4). In reports of identified
pathogens, the reported proportion of fungal infections caused by Beclomethasone (21.15%) was higher than other
corticosteroids, while Ciclesonide (5.25%) and Triamcinolone Acetonide (7.28%) were relatively lower. In terms of the
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Table 3 Analysis of Infection Reports from Infection Sites

Infection Site Total Beclomethasone Fluticasone Budesonide Ciclesonide Mometasone Triamcinolone
(N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %)
Oral cavity 121 36 (7.39%) 786 (5.37%) 235 (2.8%) 14 (1.41%) 41 (3.47%) 9 (1.87%)
Eye 1501 48 (9.86%) 755 (5.16%) 336 (4.01%) 75 (7.57%) 87 (7.35%) 200 (41.58%)
Ear 176 8 (1.64%) 102 (0.7%) 52 (0.62%) 4 (0.4%) 8 (0.68%) 2 (0.42%)
Respiratory system 16,392 254 (52.16%) 9360 (63.93%) 5230 (62.4%) 627 (63.27%) 802 (67.79%) 119 (24.74%)
Pharynx 2322 35 (7.19%) 1356 (9.26%) 668 (7.97%) 69 (6.96%) 149 (12.6%) 45 (9.36%)
Larynx 377 7 (1.44%) 240 (1.64%) 110 (1.31%) 2 (0.2%) 16 (1.35%) 2 (0.42%)
Nasal Cavity 1874 46 (9.45%) 850 (5.81%) 655 (7.82%) 150 (15.14%) 132 (11.16%) 41 (8.52%)
Lower respiratory tract 8532 84 (17.25%) 5155 (35.21%) 2648 (31.6%) 279 (28.15%) 351 (29.67%) 15 (3.12%)
Respiratory infections with 3287 82 (16.84%) 1759 (12.01%) 1149 (13.71%) 127 (12.82%) 154 (13.02%) 16 (3.33%)

unclear location

Circulatory system 436 4(0.82%) 225 (1.54%) 151 (1.8%) 10 (1.01%) 12 (1.01%) 34 (7.07%)
Skin and soft tissue 391 1 (2.26%) 170 (1.16%) 163 (1.94%) 2 (0.2%) 24 (2.03%) 21 (437%)
Bones and joints 6l 0 (0%) 30 (0.2%) 22 (0.26%) 2 (0.2%) I (0.08%) 6 (1.25%)
Digestive system 713 16 (3.29%) 418 (2.85%) 219 (2.61%) 25 (2.52%) 26 (2.2%) 9 (1.87%)
Urinary system 547 6 (1.23%) 346 (2.36%) 180 (2.15%) 7 (0.71%) 8 (0.68%) 0 (0%)
Reproductive system 82 1 021%) 46 (0.31%) 25 (0.3%) 1 (0.1%) 5 (0.42%) 4(0.83%)
Central nervous system 60 I 021%) 17 (0.12%) 38 (0.45%) I (0.1%) I (0.08%) 2 (0.42%)
Unclear site of infection 4438 102 (20.94%) 2301 (1572%) | 1613 (19.25%) 192 (19.37%) 155 (13.1%) 75 (15.59%)

Note: %, the proportion of infection reports to the total reports of this drug.
Abbreviation: N, number of reports.

Table 4 Analysis of Infection Reports from Different Pathogens

Pathogen Total Beclomethasone Fluticasone Budesonide Ciclesonide Mometasone Triamcinolone
(N, %) (N, %) (N, %) (N, %) (N, %) (N, %)

Fungi 3710 103 (21.15%) 2361 (16.12%) 1038 (12.39%) 52 (5.25%) 121 (10.23%) 35 (7.28%)
Virus 3516 94 (19.3%) 1800 (12.29%) 1307 (15.59%) 124 (12.51%) 157 (13.27%) 34 (7.07%)
Bacterium 1139 18 (3.7%) 585 (4%) 448 (5.35%) 26 (2.62%) 38 (3.21%) 24 (4.99%)
Mycobacterium 414 2 (0.41%) 81 (0.55%) 276 (3.29%) 30 (3.03%) 22 (1.86%) 3 (0.62%)
Parasite 22 0 (0%) 7 (0.05%) 1 (0.01%) 3 (0.3%) 0 (0%) 11 (2.29%)
Pathogen unknown 17,117 270 (55.44%) 9722 (66.4%) 5194 (61.97%) 725 (73.16%) 832 (70.33%) 374 (77.75%)

Note: %, the proportion of infection reports to the total reports of this drug.
Abbreviation: N, number of reports.

proportion of reported viral infections, Beclomethasone (19.3%) was slightly higher than Fluticasone (12.29%),
Budesonide (15.59%), Ciclesonide (12.51%), and Mometasone (13.27%), while triamcinolone acetonide (7.07%) was
the lowest. The reported proportion of mycobacterium infection in Budesonide (3.29%) and Ciclesonide (3.03%) was
higher than in other corticosteroids.
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Stratified Analysis Based on Different Dose Forms

As shown in Table 5, the proportion of infection reports for inhalations of Budesonide monotherapy (10.92%) and
Fluticasone monotherapy (9.52%) was higher than that of other compound inhaled formulations (<7%). Except for the
nasal preparation of Ciclesonide (6.55%) and Mometasone (5.5%), the proportion of infection reports of other INCs was
with

a significantly higher proportion of infection reports than the other two or three drug compound inhalation formulations.

relatively low. Glycopyrrolate/Indacaterol/Mometasone were three combination inhalation formulations,
Figures 1 to 6 show the adverse reaction signal mining results of inhaled and nasal Beclomethasone, Fluticasone,
Budesonide, Ciclesonide, Mometasone, and Triamcinolone respectively.

The signal strength for inhalation and nasal use of Beclomethasone are shown in Figure 1. The top five signals with
higher intensity for inhaled Beclomethasone included Candida infection (N=48, ROR=190.05, ¥*=7660.13), Oral
candidiasis (N=23, ROR=142.36, X2:2989.39), Oral fungal infection(N=6, ROR=159.83, x2:925.64), Bronchitis
(N=32, ROR=31.24, ¥*=843.72) and Oral infection (N=4, ROR=79.65, x°=306.18), while for nasal use including eye
pruritus (N=4, ROR=492.472, ¥*=1817.93), Conjunctival hyperemia (N=21, ROR=123.40, y’=1592.90), Ocular hyper-
emia (N=3, ROR=128.57, x2:359.20), Coronavirus infection (N=6, ROR=79.57, X2:415.48) and Sinusitis(N=0,
ROR=56.26, ¥°=290.73).

The signal strength for inhalation and nasal use of Fluticasone are shown in Figure 2. The top five signals with higher
intensity for inhaled Fluticasone included Candida infection (N=938, ROR=119.54, X2:91,761.85), Oral candidiasis
(N=542, ROR=112.88, %°=52,204.79), Pneumonia (N=3166, ROR=29.73, °=59,809.87), Bronchitis (N=952,

Table 5 Analysis of Infection Reports from Dose Forms

Drug Component Dose Form (N, %)
Inhalation Nasal Unknown
Beclomethasone | Beclomethasone 482 (6.26%) 5 (0.32%) /
Fluticasone Fluticasone (propionate or furoate) 2714 (9.52%) 21 (0.05%) 5 (0.47%)
Fluticasone (furoate or propionate) \ Salmeterol | 6759 (6.81%) / /
Fluticasone \ Vilanterol 2683 (5.53%) / /
Fluticasone \ Formoterol 0 (0%) / /
Fluticasone \ Umeclidinium \ Vilanterol 2460 (6.36%) / /
Budesonide Budesonide 2737 (10.92%) | 32 (1.22%) 7 (0.05%)
Budesonide \ Formoterol 5120 (5.34%) / /
Budesonide \ Indacaterol 3 (11.11%) / /
Budesonide \ Formoterol \ Glycopyrronium 482 (3.56%) / /
Ciclesonide Ciclesonide 709 (7.89%) 184 (6.55%) | 98 (15.63%)
Mometasone Mometasone 205 (1.11%) 321 (5.5%) | 109 (9.73%)
Formoterol \ Mometasone 496 (2.79%) / /
Mometasone \ Olopatadine / 2 (0.56%) /
Indacaterol \ Mometasone 0 (0%) / /
Glycopyrronium \ Indacaterol \ Mometasone 50 (12.76%) / /
Triamcinolone Triamcinolone / 207 (2.56%) | 274 (6.42%)

Note: %, the proportion of infection reports to the total reports of this drug formulation.
Abbreviation: N, number of reports.
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Figure | Signal strength for inhalation and nasal use of beclomethasone in FAERS.

Notes: A: Candida infection, B: Oral candidiasis, C: Oral fungal infection, D: Bronchitis, E: Oral infection, a: Eye pruritus, b: Conjunctival hyperemia, c: Ocular hyperemia, d:
Coronavirus infection, e: Sinusitis.
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Figure 2 Signal strength for inhalation and nasal use of fluticasone in FAERS.

Notes: A: Candida infection, B: Oral candidiasis, C: Pneumonia, D: Bronchitis, E: Nasopharyngitis, a: Sinusitis, b: Eye irritation, c: Ocular hyperaemia, d: Eye pruritus, e:
Rhinitis.

ROR=29.79, %*=23,495.85) and Nasopharyngitis(N=1056, ROR=12.78, x*=10,193.83), while for nasal use including
Sinusitis (N=218, ROR=55.47, ¥*=9155.46), Eye irritation (N=93, ROR=38.61, ¥*=3090.34313117874), Ocular hyper-
emia (N=85, ROR=42.34, y’=3137.51), Eye pruritus (N=78, ROR=54.60, ¥*=3776.63), and Rhinitis (N=38,
ROR=105.27, x*=3747.41)(Figure 2).

The signal strength for inhalation and nasal use of Budesonide are shown in Figure 3. The top five signals with higher
intensity for inhaled Budesonide included Candida infection (N=365, ROR=84.92, x2=27,228.65), Bronchitis (N=650,
ROR=41.30, %°=22,035.02), Pneumonia (N=1205, ROR=19.88, ¥*=16,508.20), Tuberculosis (N=204, ROR=70.02,
¥*=12,962.60) and Nasopharyngitis (N=558, ROR=13.33, ¥>=5655.80), while for nasal use including Sinusitis (N=26,
ROR=61.47, %*=1190.22), Herpes simplex oesophagitis (N=3, ROR=2716.76, x*=7737.79), Laryngitis (N=9,
ROR=184.49, x*=1509.25), Pharyngitis (N=7, ROR=115.00, y°=741.29) and Bronchitis (N=9, ROR=24.74, y°=188.63)
(Figure 3).

The signal strength for inhalation and nasal use of Ciclesonide are shown in Figure 4. The top five signals with higher
intensity for inhaled Ciclesonide included Pneumonia (N=90, ROR=21.30, x2=1314.79), Sinusitis (N=55, ROR=36.16,
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Figure 3 Signal strength for inhalation and nasal use of budesonide in FAERS.
Notes: A: Candida infection, B: Bronchitis, C: Pneumonia, D: Tuberculosis, E: Nasopharyngitis, a: Sinusitis, b: Herpes simplex oesophagitis, c: Laryngitis, d: Pharyngitis, e:
Bronchitis.
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Figure 4 Signal strength for inhalation and nasal use of ciclesonide in FAERS.
Notes: A: Pneumonia, B: Sinusitis, C: Lower respiratory tract infection, D: Rhinitis, E: Bacterial disease carrier, a: Sinusitis, b: Mycobacterium avium complex infection, c:
Pneumonia, d: Conjunctivitis allergic, e: Rhinitis.

x2=1597.77), Lower respiratory tract infection (N=44, ROR=63.74, x2=2388.25), Rhinitis (N=33, ROR=270.14,
x2=7995.63) and Bacterial disease carrier (N=13, ROR=1123.79, x2=13,620.92), while for nasal use including Sinusitis
(N=23, ROR=61.43, ¥*=1052.46), Mycobacterium avium complex infection (N=20, ROR=2329.72, »°=36,680.95),
Pneumonia (N=35, ROR=35.42, y°=760.76), Conjunctivitis allergic (N=23, ROR=5156.16, ¥*=88,392.57) and Rhinitis
(N=11, ROR=337.27, y’=3274.22) (Figure 4).

The signal strength for inhalation and nasal use of Mometasone are shown in Figure 5. The top five signals with
higher intensity for inhaled Mometasone included Pneumonia (N=151, ROR=25.42, x*=2553.14), Nasopharyngitis
(N=93, ROR=22.96, x2=1617.00), Bronchitis (N=60, ROR=35.63, X2=1793.13), Candida infection (N=36,
ROR=77.94, x2=2544.49) and Oral candidiasis (N=28, ROR=101.90, x2=2641.66), while for nasal use including
Sinusitis (N=30, ROR=30.25, ¥>=739.311), Nasopharyngitis (N=27, ROR=14.45, *=298.99), Lower respiratory tract
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Figure 5 Signal strength for inhalation and nasal use of mometasone in FAERS.
Notes: A: Pneumonia, B: Nasopharyngitis, C: Bronchitis, D: Candida infection, E: Oral candidiasis, a: Sinusitis, b: Nasopharyngitis, c: Lower respiratory tract infection, d:
Rhinitis, e: Chronic sinusitis, f: Pneumonia aspiration.

infection (N=20, ROR=43.82, y°=764.812), Rhinitis (N=14, ROR=173.77, y*=2253.85), Chronic sinusitis (N=10,
ROR=281.65, x*=2663.20) and Pneumonia aspiration (N=15, ROR=62.47, °=848.18) (Figure 5).

The signal strength for inhalation and nasal use of Triamcinolone are shown in Figure 6. The top five signals with
higher intensity included Nasopharyngitis (N=35, ROR=59.67, y*=1311.85), Sinusitis (N=22, ROR=58.01, ¥*=961.05),
Eye pruritus (N=21, ROR=176.40, x2=2890.13), Ocular hyperaemia (N=20, ROR=117.28, x2=1843.20), eye irritation
(N=17, ROR=79.41, ¥*=1091.86) and Rhinitis (N=8, ROR=237.13, y*=1727.47) (Figure 6).

Discussions

Long-term use of corticosteroids could lead to infection, which is a well-known adverse drug reaction and a concern for
physicians and patients. Currently, multiple clinical trials or systematic reviews based on clinical trials have shown that
ICS can cause adverse reactions such as pneumonia, oral candidiasis, and mycobacterial infections. However, due to the
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Figure 6 Signal strength for nasal use of triamcinolone in FAERS.
Notes: a: Nasopharyngitis, b:Sinusitis, c: Eye pruritus, d: Ocular hyperemia, e: Eye irritation, f: Rhinitis.
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limitations of clinical trials in observation time or research design, we needed more post-market real-world studies to
obtain more information on infection occurrence. Analysis of reports of infections with inhaled or nasal corticosteroids
using FAERS data complemented research in this area. Our results were consistent with previous studies and guidelines,’
which indicated that ICS or INCs might increase the risk of infection.

As shown in Table 1, the proportion of women infected using ICS or INCs was exponentially higher than that of men.
A study analyzed gender differences in AE reports submitted by over 100 countries worldwide collected in the VigiBase
database from 1967 to 2018."" The results showed that 60.1% of AE reports came from women and 39.9% from men.
However, there was no evidence that women had a higher proportion than men in the incidence rate of COPD, asthma, or
allergic rhinitis. Therefore, the explanation for our research findings might be that female patients who used ICS or INCs
were more likely to detect the occurrence of AE and actively report it, or indeed women were more at risk of infection.
Table 1 shows that the average age of infected patients was 62.12 years old. Due to the unknown age of approximately
40% of reported infection AEs, it was unclear whether elderly individuals (over 65 years old) were more susceptible to
infection. In addition, from the perspective of the reporting population, the proportion of infection reports from
consumers was the highest, followed by those from physicians, which might be related to the attention and timely
detection of AEs.

As shown in Table 2, the proportion of infections using ICS or INCs containing Fluticasone and Budesonide was
similar. However, the proportion of pneumonia and oral fungal infections with Fluticasone (1.24%, 0.22%, respectively)
was higher than that with Budesonide (0.86%, 0.10%, respectively). A systematic review study showed that compared to
Budesonide users, Fluticasone users had a 13.5% increased risk of pneumonia and a 14.4% increased risk of severe
pneumonia.'> Another systematic review investigated the risk of pneumonia and severe pneumonia in Budesonide/
Formoterol and Salmeterol/Fluticasone, and the results showed that the proportion of patients in the former was
significantly lower than that in the latter.'"> An observational cohort study compared the incidence of thrush, an oral
mucosal lesion caused by Candida albicans infection, in patients using Budesonide/Formoterol and Salmeterol/
Fluticasone. The results showed that Salmeterol/Fluticasone-induced thrush was dose-dependent, and the incidence of
thrush was higher in Salmeterol/Fluticasone dry powder inhalers (DPIs) than in Budesonide/Fomototerol DPI and
Salmeterol/Fluticasone metered-dose inhalers (MDIs).'* These research results were consistent with ours.

The mouth and respiratory tract were the main sites of infection caused by ICS and INCs. There have been many
studies confirming that ICS causes pneumonia. We also analyzed the proportion of infections in upper respiratory tract
areas such as the pharynx and nose. As shown in Table 3, the highest proportion of upper respiratory tract infections were
reported to be caused by Mometasone (25.11%), while the lowest proportion was by Fluticasone (16.71%). However, this
result was inconsistent with the results of a systematic evaluation study. The results showed that Fluticasone treatment
significantly increased the risk of upper respiratory infections, especially at high doses, but Mometasone did not
significantly increase.'®

In our study, more than half of the infection reports did not identify the pathogenic bacteria. But based on the report
name, we speculate that the possible pathogenic bacteria were bacteria. (Table 4). The reported incidence of fungal and
viral infections in patients using Beclomethasone was the highest, while Fluticasone was similar to Budesonide and
Triamcinolone was lower. Budesonide and Ciclesonide had a similar proportion of reported infections with
Mycobacterium and were higher than other drugs. Until now, few studies have compared the risk of various pathogen
infections caused by ICS or INCs. Our results were a supplement to existing research. A retrospective study evaluated
whether pathogens discovered during acute exacerbation of chronic obstructive pulmonary disease (AECOPD) in 28
hospitals between 2008 and 2019 were associated with ICS used within the 6 months before AECOPD.'® The results
indicated that pathogenic specimens of AECOPD patients using ICS or ICS/LABA were more likely to isolate
M. Pneumonia, especially those with frequent social activities and frequent travel to crowded areas, but were less likely
to isolate Pseudomonas aeruginosa. A case-control study from 2012 to 2020 showed that the risk of P. aeruginosa
infection in severe COPD patients was not related to the use of inhaled Fluticasone, but to the dosage of Fluticasone, and
high doses of Fluticasone increased the risk of P. aeruginosa infection.!” A retrospective study in South Korea showed
that severe AECOPD patients who previously used ICS were more likely to detect virus positivity.'®> Meanwhile, studies
have shown that compared to the respiratory respiratory syncytial virus (RSV) and coronavirus, rhinovirus and influenza
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A virus were the most detected viruses in AECOPD patients who previously used ICS.'® Studies showed that long-term
use of ICS did not increase the risk of SARS-COV2 infection.'”2® Multiple meta-analyses have shown that ICS could
increase the risk of tuberculosis (TB) and non-tuberculosis mycobacterial (NTM) infections, and the higher the dosage of
ICS, the more significant the risk. However, there was no significant difference in the risk of NTM infection among the
Budesonide, Beclomethasone, and Fluticasone groups.'®?!

As shown in Table 5, the monotherapy ICS appeared to have more infection-related adverse events than compound
therapy, except for Glycopyrrolate/Indacaterol/Mometasone. There was a significant lack of information on the dosage
form of Triamcinolone Acetonide in the infection report. Although we had tried to exclude Triamcinolone Acetonide
injections, ointments, eye preparations, etc. based on the product name, route of administration, dosage, frequency of
administration, remarks, etc., there were still 274 Triamcinolone Acetonide infection reports that could not be determined
whether they were nasal preparations. The adverse reactions such as foot and central nervous system might be related to
non-nasal preparations.

We presented the AE signal intensity of each ICS and INCs with bubble charts using the statistical indicators N, ROR,
and y2, as depicted in Figures 1-6. There was a significant difference in the AE signal intensity of inhalation and nasal
formulations of Ciclesonide and Budesonide. To avoid bubble overlap, two bubble plots were used to describe them.
Among the top 5 adverse events in signal intensity ranking, the use of ICS was associated with an increased risk of
respiratory and fungal infections, while the use of INCs was associated with a higher risk of nasal and eye infections.
Inhalation of Beclomethasone was more likely to be associated with oral infections, while inhalation of Budesonide with
tuberculosis infections, and nasal use of Ciclesonide with mycobacterial infections. These were special signals that
needed to be taken seriously.

The difficulties and deficiencies in this study were due to missing data in the obtained AE report. For example, there
were many reports of severe missing dosing data, so dose stratification analysis could not be performed. However,
multiple studies have shown that the risk of infection was related to the dosage of ICS or INCs.'”'®22%3 In addition, as
shown in Table 3, the reported incidence of eye infections caused by Triamcinolone Acetonide was significantly higher
than other ICS or INCs. But these reports originated from Triamcinolone Acetonide of unclear dosage forms, which
might be eye injections. At the same time, this study classifies AE reports according to SOC, one of which was “Eye
infections, infection, and inflammation”, and did not distinguish between eye infections or non-infectious diseases. Due
to the presence of multiple confounding factors, the higher risk of eye infection with Triamcinolone Acetonide might not
be exact.

The use of ICS alone did not improve the FEV1 or mortality in COPD patients, so it was recommended to use it in
combination with long-acting bronchodilators. But there might be overuse of drugs in clinical practice.** ¢ To reduce
airway and fungal infections caused by inhaled corticosteroids, improper prescriptions should be avoided. It was
necessary to avoid issuing ICS to COPD patients with recurrent pneumonia events, Blood eosinophils<100 cells/uL,
and tuberculosis history.! Mastering the operation techniques of ICS or INCs devices and deep rinsing after ICS use
could reduce the risk of infection. Therefore, physicians, nurses, or pharmacists should strengthen guidance on the use of
ICS or INCs by patients, and promptly detect usage errors and adverse events of infection.

Conclusion

Based on the FAERS database, we evaluated the risk of infection caused by 6 ICS and INCs. Women who used ICS and
INCs were more prone to infection events. Compared to Budesonide, Fluticasone seemed to have a higher risk of
pneumonia and oral candidiasis. The use of Mometasone Furoate had a higher risk of upper respiratory tract infections.
From the distribution of infected pathogens, Beclomethasone had more fungal and viral infections, while Ciclesonide and
Budesonide had more mycobacterium infections. Airway and fungal infections were common high-risk adverse events
for ICS, while INCs were nasal and ocular infections. However, oral infections should be noted when inhaling
Beclomethasone. Therefore, we suggested that clinical healthcare professionals should provide training on drug-device
operation for patients using ICS and INCs, as well as emphasize the importance of deep mouthwash after ICS use to
reduce the occurrence of infections.
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